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SPECIFICATION 
Antitumor antibiotic 

BACKGROUND OF THE INVENTION 
5 ^' TOfi^SnSoTre^^^^ to a new antitumor antibiotic and to Its production and recovery. 

^'^IJnrmS; al'i.^c of the present invention. BBM-1 644, is a new member of the protein 
antitumor antibiotics exemplified by neocarzinostatin. macromomycin and auromomyctn. 
antmimora^'^.^^^ {alsS called zinostetin) Is an acidic P^««'n ^'''"'"J^"^ 

10 1 0 700 consistInQ of a single polypeptide chain of 1 09 amino acids crossMmked by two disulfide 

'° iSdges'rSdutwne^^^ 

neocarzlnostattcus Is disclosed In U.S. Patent 3.334/^22 and .n J. ^^^^^^^^^^^i' ^ 
amino acid sequence of neocarzinostatin is disclosed In Cancer Treatment RBviews 6. 239—248 

1 5 MaciBmomycIn is a neutral or weakly acidic polypeptide with en approximate -"o'ecular weight of 15 
about llSS p-oduction of macromomycin by femientation of S^ptomcyas "'«^r!S>'f«f'f "f 
SiHj MC-8-42) Is disclosed In U.S. Patent 3,695,954 and In JMhtics 2^^4-49 {1 968) 
Purificattol^c'omomydn and charBCterlzatlon data for the purified compound are disclosed In J. 

20 ^'^'Sr^fmtl^a'^^^^^^ polypeptide with a molecular weight erf about 1 2.500 and an 20 
Isoelectric Doint of pH 5.4. It consists of 1 6 different amino acids. Isolation of auromomyan from the 
^r?bro5?ofS^ 

are disclosed in J. 4ntf6/o£/csJ2: 330— 339(1979). 

are «gJJ^ 'J^ ^^ differentiated from known polypeptide antitumor anttblot.cs such as 
26 neocarrino^n. macromomycin and auromomycin by phys.coK;hemical properties such as molecular 26 
weight amino acid content and paper electrophoresis. 

'"''tSI°pS^de'S?yT^^^^ 

euhivatlna a new strain oi Actinomadura designated Actbiomadura sp. strain H710— 49 lATUU J»i 
30 m SJ^fqCLu; n^SS?^^^^^ containing assimilable sources of carbon and ""l*; ^ 

8eSJcconditlonsuntllasubstantialamountofBBM-1644isproducedbysa.do 

Staro mJdium and optionally recovering the BBIV^-1 644 from the culture medium. The Invention 
SSSil *e BBM-1 644 antibiotic in dilute solution, as a crude concentrate, as a cmde solid and as a 
purified solid. 

35 DESCRIPTION OFTHE DRAWINGS , «aa /itr, noii«tl 

FIG. 1 shows the infrared absorption spectnim of BBM— 1644 (KBr pelleO. 
HG. 2 shows the ultraviolet absorption spectra of BBM— 1 644 In water. 0.01 N HCI and 0.01N 

NaOH. 



40 



45 



SlSn^?a?esto a novel protein antitumor antibiotic designated herejn as BBM-1644 40 
«nH Jite oJeJJratio^Sfermentation of a new strain oiActinomadura designaxed Actinomadura sp. 
SSl?H^lS?S?a al»rSsm was Isolated from a soli sample collected In West Germany^ 
SSl^riVii culture of theSganlsm has been deposited ^fl^^'^SlfrZ^ 
Washington, D.C., and added to its permanent collection of microorganisms as MCC 39 . _ 

bSJ_1 644 Inhibits tiie growrth of various gram-poshWe and ackMast bactena-The antibiotic 45 
also ^KhaU Kl^^^^^ P^Perties in lysogenic bacteria and Inhibits ^'^^^^^^^I'S^ 
Jurnoreauch as P3B8 leukemia In mice. The new antibiotic, tiierefore. may be used as an antibacterial 
agent or as an antitumor agent for Inhibiting mammalian tumors. 

50 ^''t^aTno'S;;cetestrBlnNo.H710-49waslsolatedfromasolI«^^^^ 50 
conveirttonal procedures as a biologically pure culture for characterization. Strain H7 10-49 fo^^^^ 
S^Sate and aerial mycelia. The substrate mycelium Is long, branched and not fragmented Into short 
Sim^t^. Sh rt^oSSJains are bom on tiie tip or monopodlal branch of aerial rny^J^";- ^^^^ 
chaTns contain 2 to 1 5 spores In a chain (mostly 4 to 8 spores) and ar sttalght hooded o;.">oP«J 

55 ^aoL The Ipires have a warty surface and are oval to elliptical (0.5-0.6 x 0 7-1 .2 /xm) m shape with 55 
e rndor SdendMatu^sporesare ften separat d by -"P^V hyphae. Terminal swe^ngs of 
Seareoccasinaliy bs rved on tine substrate mycelium in Czapek's agar and Bennett s agar. 
Motile snores sporangia or sclerotic granules are not seen In any media examined. . , 

uK rdinary species of the genus Streptomyces, strain H710-49 grows slowly and f rms 

60 poor aeriil mycelium in chemically defin d media and natural organic media. The color of aenai 60 
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mycefium is white and turns to a pinkish shade after sporulation in oatmeal agar. Inorganic salts-starch 
agar and giycerol-asparagine agar. Mass color of the substrate mycelium is c I riess, yellow, reddish 
brown or dark grayish br wn. Melanoid pigment is not produced, but a lem n yellow diffusible pigment 
is se n in glycerol-asparagin agar, tyrosine agar and Pridham-Gottlleb's basal agar supplemented with 
5 any one of glycerol, L-arabinose, D-xylose, L-rhamnose, D-glucose, D-fructose, trehalose and D- 5 
mannitol. Strain H7 1 0—49 grows at 20^C, 28*»C and 37*'C, but not at 1 0®C or 41 ®C. It is sensitive to 
NaCI at 10% but not at 7%, and resistant to lysozyme at 0.001%. D-Gaiactose, D-mannose. sucrose, 
raffinose and Inositol are not utilized by the strain. Cultural and physiological characteristics of strain 
H71 0— 49 are shown In Tables 1 and 2, respecthmly. The pattern of carbon source utilization by the 
10 strain is shown in Table 3. 10 



Trypt ne-yeast extract broth (ISP N.I) 

Sucrose-nitrate agar 
(Czapek's agar) 

Glucose*asparagine agar 



Glycerol-asparagine agar 
(ISP No. 5) 



Inorganic salts-starch agar 
(ISP No. 4) 



TABLE 1 

Cultura l characteristics* of strain H710 — »9 

G*» po r to moderate; floccose,sedim ntedand 
not pigmented. 



Tyrosine agar (ISP No. 7) 



Nutrient agar 



Yeast extract-malt extract agar (ISP No. 2) 



Oatmeal agar (ISP No. 3) 



Bennett's agar 



Pentone-yeast extract-Iron agar (ISP No. 6) 



G scant 

R coloriess to pale orange yellow (73)*?* 

A scant white (263) 

D none 

G poor 

R yellowish white (92) to deep orange 

yellow (69) 
A very scant; white (263) 
D none 

G poor to moderate 

R pale yellow (89) to darit orange yellow (72) 

A poor: white (263) to pale yellowish pink (3 1 ) 

D brilliant yellow (83) 

G poor to moderate 

R coloriess to deep yellow (85) 

A poor; pinkish white (9) to pale yellowish 

pink (31) 
D none 
G moderate 

R brownish orange (54) to moderate reddish 

brown (43) 
A poor; white (263) to pale yellow (89) 
D strong yellow (84) 
G poor to moderate 

R yellowish white (92) to moderate yellowish 

brown (77) 
A poor; white (263) 
D none 

6 moderate 

R daric yellow (88) to daric brown (59) 

A scant; whhe (263) 

D light olive brown (94) 

G poor 

R coloriess 

A poor; white (263) to pinkish white (9) 

D none 

G moderate ^ ^ . . 

R grayish yellowish brown (80) to dark grayish 

brown (62) 

A very scant; white (263) 
D moderate olive brown (95) 

R grayish yellow (90) to dark grayish brown (62) 

A poor; white (263) 

D none to moderate yellowish brown (77| 



observed after Incubation at 2^ D - Diffusible pigment 

D.C, Nov., 1975" 
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TABLE 2 

Physiological characteristics of strain H710— 49 



Test 

Range of temperature for 
growth 



Gelatin liquefaction 
Starch hydrolysis 
Reactions in sidmnied millc 

Formation of melanoid 

Nitrate reduction 

Resistance to NaG 

Lysozyme 
PH 



R sponse 

IS/laximal growth at 28^0. 
Moderate growth at 20^C and 
37**C. No growth at 10*^C and 
41 «C. 

Liquefied 

Fiydroiyzed 

Not coagulated and compietety 
peptonized, 

Not produced 



Reduced 

Moderately resistant Growth 
at 7% but not at 10%. 

Resistant Growth at 0.001 %. 

Growth at 6.0 but not at 5.0. 



Method and medium 
Bennett's agar 

Glucose-peptone-gelatin medium 
Starch agar plate 
Difco skimmed milic 



Tryptone-yeast extract broth, tyrosine 
agar and peptone-yeast extract-iron 
agar 

Czapelc's glucose-nitrate broth and 
glucose-yeast extract-nitrate broth 

Tryptone-yeast extract agar 



Tryptone-yeast extract agar 
Tryptone-yeast extract agar 
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TABLE 3 

Utilization of carbon sources* by strain 
H7 10-^9 

Glycerol 

D(-)-Arabinose " 
L(+)-Arabino8e + 
D-Xylose 
D-Ribose 

L-Rhamnose **" 
D-Glucose ^ 
D-Galactose " 
D-Fructose 

D-Mannose " 
L(— )-Sort)Ose 

Sucrose 

Lactose " 
Ceiiobiose . 

Melibiose " 
Trehalose 

Raffinose " 
D{+)-MelezltDse - 
Soluble starch 

Cellulose - ~ 

Duldtol 

Inositol 

D-Mannltol + 
D-Sorbhol - 

SaHdn . ^ 

• Observed after incubation at 28»C for 3 weeks. Basal medium: Pridham-Gottlleb inorganic medium 

Purifi d cell-wall of strain H710— 49 contains mesodiaminoplmellc acid but lacks fl'vc«"e. The 
whole cell hyd^Uate shows th pr sence of madurose <3-0^ethyl-D-galactose), glucose, ilbose and 
Tslll amoCS^^^ The cell^all composition and v*ole cell sugar components of strain 
H710— 49 indicat that the strain b longs t cell-wall Type IIIb- . ^ - 

The above-described charact ristics of strain H7 1 0—49 resemble those of the genus 
Actinomadun Acc rding to the numerical taxonomy of Actinomadura and related actinomycetes by 
GoSf Ttew S al 1^ J Gen. Microbiol. 1 12: 95-1 1 1 (1 979). most 4ct/no/narfura species of soil ongln 
'^^6X^aJ:"Zlzrr^r^^y'^^^'^ scrib d. Strain No. H1 70-49 is most related 
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to the species of Cluster 7. Nonomura and Ohara in J. Ferment Tecbnol, 49: 904 — 9 12(1971) 
reported five saprophytic species f the genus Actinomadura and Nonomura [J, Ferment. Tecbnol. 52: 
71—77 (1 974)] and Preobrazhenskaya et al. [Actinomycetes and Related Organisms 12: 30—38 
(1 977)] described the Identification and classification of Actinomadura species. As a result of 
5 comparison with kn wn Actinomadura species described in the literature, strain H7 1 0—49 is g 
considered to belong to a new species q\ Actinomadura similar to A roseola. A, saimonea, A vinacea or 
A. coralline described in the Preobrazhenskaya et al. reference above In Japanese Kokai 55/9439 1 . 

It Is to understood that for the production of BBM— 1 644, the present Invention, though described 
in detail with reference to the particular strain i4cf/no/j7a(/i/r©sp. strain H710 — 49 (ATCC 39144), is not 
1 0 limited to this microorganism or to microorganisms fully described by the cultural characteristics i q 

disclosed herein. It Is specifically intended that the invention embrace strain H710— 49 and all natural 
and artificial BBM — 1 644'producing variants and mutants thereof. 

Antibiotic Production 

The BBM — 1 644 antibiotic of the present invention may be prepared by cultivating a 

1 5 BBM — 1 644-producing strain of the genus Actinomadura, preferably a strain of Actinomadura sp. 15 
having the Identifying characteristics of ATCC 39 1 44 or a mutant thereof. In a conventional aqueous 
nutrient medium. The organism is grown in a nutrient medium containing known nutritional sources for 
actinomycetes, i.e. assimilable sources of carbon and nitrogen plus optional inorganic salts and other 
known growth factors. Submerged aerobic conditions are preferably employed for the production of 

20 large quantities of antibiotic, although for production of limited amounts, surface cultures and bottles 20 
may also be used. The general procedures used for the cultivation of other actinomycetes are applicable 
to the present Invention. 

The nutrient medium should contain an appropriate assimilable carbon source such as glycerol, 
L{+)-arabinose, D-xylose, D-ribose, D-glucose, D-fructose, soluble starch, D-mannltol orcelloblose. As 

25 nitrogen sources, ammonium chloride, ammonium sulfate, urea, ammonium nitrate, sodium nitrete, etc 25 
may be used either alone or In combination with organic nitrogen sources such as peptone, meat 
extract, yeast extract, com steep liquor, soybean powder, cotton seed flour, etc. There may also be 
added if necessary nutrient inorganic salts to provide sources of sodium, potassium, calcium, 
ammonium, phosphate, sulfate, chloride, bromide, cartjonate, zinc, magnesium, manganese, cobalt, lion 

30 and the like. 3q 
Production of the BBM — 1 644 antibiotic can be effected at any temperature conducive to 
satisfactory growth of the produdng organism, e,g. 20— 37«C, and Is conveniently carried out at a 
temperature of around 27—32^0. Ordinarily, optimum production la obtained In shaker flasks after 
Incubation periods of about 6—7 days. When tank fermentation is to be canled out. It Is desirable to 

35 produce a vegetath^e Inoculum in a nutrient broth by Inoculating the broth culture with a slant or soil 35 
culture or a lyophllized culture of the organism. After obtaining an acth/e Inoculum in this manner, it is 
transferred aseptically to the fermentation tank medium. Antibiotic production may be monitored by the 
paper disc-agar diffusion assay using Bacilius subtilis M45 iRec" mutant; i^utation Res. 1 6: 1 65 — 1 74 
(1 972)1 as the test organism. 



40 



40 Isolation and Purification 

When fermentation Is complete, BBM— 1 644 exists mainly in the liquid part of the fermented 
brotii after separation of the solid part by filtration or centrifugation. Thus, the harvested brotii may be 
separated into mycelial cake and brotii supernatant by centrifugation. The filtrate is then concentrated 
and dialyzed against tap water by a semipemieable membrane such as a cellophane tube to remove 

45 permeable impurities. The inside-retained solution (after removal of Insoluble materials) containing the 45 
BBM— 1 644 may tiien be saturated witii a salting out reagent such as ammonium sulfate to precipitate 
out BBM— 1 644 as a cnide solid. This solid may be dissohfed in water and desalted by dialysis against 
tap water. 

Further purification of the crude BBM— 1 644 may be accomplished by conventional procedures 
50 used with other acidic polypeptides. For example, the aqueous solution containing BBM — 1 644 may 50 
be adsorbed on an ion exchanger such as DEAE-Sephadex, DEAE-Cellulose, CM-Sephedex or CM- 
cellulose and eluted with a neutral salt solution. Successive chromatographic steps are preferably 
employed with a gradient concentration of salt solution used as the eluant Aqueous fractions 
containing the purified BBM— 1 644 are then concentrated to dryness as by lyophlllration. 

55 Physico-chemical Properties of BBM — 1644 55 
BBM— 1 644 is Isolated as an amorphous white powder upon lyophllization. When examined by 
high voltage paper eiectroph resis (4500 V in 0.05M bariDltal buffer at pH 8.61, BBM— 1 644 migrates 
as an add trav lling 8.7 cm t ward the an de after one hour. BBM — 1 644 does not show a definit 
melting point and gradually decomposes above 240°C. It is soluble in water, but practically Insoluble In 

60 common rganic solvents such as methan I, ethanol, acet ne, ethyl acetate and n-hexane. The 60 
antibi tic shows an pticai r tation of la?l = -75.6«» In 0.25% aqueous solution. As depicted In FIG. 2, 
the UV spectrum of BBM— 1 644 shows absorption maxima at 275 nm (EJ*, 8.2) and 3 1 0 nm (E{g„ 4.6, " = 
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shoulder) in aaueous solution. It exhibits a nearly Identical UV spectrum in water and 0.0 1 N HCI 
sSrutifn^^^^^^^^^ (E15,8.9)ln0.01NNaOHsolution.Th IR«Pe<^^^^^^ 

BBIVJ— 1 644 measured in KBr Is shown In FIG. 1 . The spectrum Indicates the presence of NH and UH 
groups (3300 - 2980 cm"^) and amide groups (1 650 and 1 540 cm"^). Th antibiotic gwes posttive 

5 reactions to Folin-Lowry, xanthoprotein, biuret and ninhydrin reagents and decolorizes potassium 
permanganate solution. It is negative to anthrone and Sakaguchi reactions. When co-chromatographed 
on Sephadex G— 75 with ovalbumin (MW 43,000), chymotrypsinogen (25,000) and robonuclease A 

(1 3 7001 BBM 1 644 is eluted Just after chymotrypsinogen and therefore its molecular weight is 

estimated to be around 22,000. Elemental analysis of BBM— 1 644 indicates carbon 46.6(W6, hydrogen 

1 0 6.45% nitrogen 1 3,34% and sulfur 0.20%. The presence of 1 3 kinds of amino acids m the BBM— 1 644 
molecule was revealed by amino acid analysis as shown in Table 4. Basic amino acids such as lysine, 
hlstldine and arglnlne are not present in BBM— 1 644. 

TABLE 4 

Amino add composition of BBM — 1 644 



10 



Amino acid 


Relative composition* 


Alanine 


8.8 


Aspartic add 


6.0 


half-Cystine 


1.0 


Glutamic acid 


5.7 


Glycine 


8.7 


Isoleudne 


2.3 


Leudne 


1.0 


Phenylalanine 


1.4 


Proline 


4.1 


Serine 


1.6 


Threonine 


7.2 


Tyrosine 


0.6 


Valine 


11.1 



♦ Contentofteudnewasart)ltrarilya8slgnedas1.b. 

BBM— 1 644 Is fairly stable In tiie pH range of 2-9, but the stability declines sharply beyond this 
1 5 dH range. The aqueous solution of BBM— 1 644 is stable for 2 hours at SO^C at neutral pH. Upon 1 5 

exposure to ultraviolet fight the antibiotic activity of BBM— 1 644 is lost within 20 minutes. 

The physioo^emical properties of BBM— 1 644 described above Indicate that H Is a member of 
the protein antitumor antibiotic group which Indudes neocarzinostatin, macromomydn and 
auromomydn. BBM^I 644, however, can be differentiated from tiie known protein antitumor 
20 antibiotics by hs molecular weight amino add content and paper electrophoresis. The paper 20 
electrophoretic mobilities of BBM— 1 644, neocaizinostatin and macromomydn are shown in Table 5. 
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TABLE 5 
Paper electrophoresis* 



Mobility (mm fr m the loading spot) 
BBM— 1644 +87 
Neocarzinostatin +31 
Macromomycin —20 



* 4,500 V, 1 houn Barbital buffer pH 8.6 

The neocarzinostatin group of antibiotics commonly exhibit two UV absorption maxima at around 275 
and 350 nm, while BBM — 1 644 has the UV maxima at around 275 and 3 1 0 nm. It has recently been 
reported In Bhchem, fies, Commun. 95: 1 351 — 1 356 (1 980) that the maximum at 350 nm of the 
5 neocarzinostatin antibiotics might be due to the non-protein chromophores which are essential for their 5 
biological activity. It Is noted that BBM — 1 644 has a chromophone different from that of the Icnown 
neocafzlrK>8tatin group of antibiotics. 

Biological Properties of BBM — 1 644 

The antibacterial activity of BBM — 1 644 was determined by the serial two^ld agar dilution 

1 0 method. Nutnent agar medium was used for gram-positive and gram-negative bacteria; nutrient agar 
medium containing 4% glycerol for add-fast bacteria and Sabouraud agar medium for fungi. The acth/lty 
was expressed as minimum inhibitory concentration (MIC) In the agar medium and the results are 
shown In Table 6 along with those of neocarzlrK>statin. BBM — 1 644 showed potent Inhibitory activity 
against gram-positive and add-fast bacteria but did not inhibit the growth of gram-negative bacteria 

1 5 and fungi. The antibacterial spectrum of BBM — 1 644 is similar to that of neocarzinostatin, while the 15 
intrinsic activity of BBM — 1 644 is more potent than the latter In some of the test organisms. 

TABLE 6 

in vftro antimicrobial activity 

MIC in mcg/ml 



Test organism BBIVI — 1 644 Neocarzinostatin 

Staphylococcus aureus f^D A 209P 0.4 1.6 

Staphylococcus aureus Sml^ 0J2, 0.8 

Streptococcus pyogenes A20201 6^ 3.1 

Micrococcus iuteus ?C\^00^ 1.6 1.6 

Micrococcus fiavus DM 1.6 1.6 

Baciilussubtms?C\2\S 0.8 3.1 

Escherichia coil NIHJ > 1 00 > 1 00 

Kiebsieiia pneumoniae D-^ 'I >100 >100 

Proteus vuigaris MA3e >100 >100 

Pseudomonas aeruginosa A9930 > 1 00 > 1 00 

Mycobacterium smegmatis 607 D87 1 2.5 50 

Mycobacterium phlei D88 3.1 1 2.5 

Candida albicans lAM 4888 > 1 00 > 1 00 
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The abllitv of BBM— 1 644 to indue prophage In lysogenic bacterium (ILB) was determined by ttie 
math dot Leinetal-r/Vamre /S6;783-784. 1962) using neocarzin^^^^^^^ 



KSuntscrfg^aterthanSwasc^^^^^^^^^ 

minimum inducii 
BBM— 1644 is s 
being 1 mcg/ml. 



plaque counts of greater than 3 was c nsioerea aignmcani ana me .l^ ^ . -i .u iT bI^J^^ 
minimum Inducing concentration f the test compound. As shown in Table 7 the ILB activity of 
S-^e-Ste similar to that observed with neocarainostatin, the minimum inducing concentration 
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TABLE 7 

tnductiorr of lysogenic bacterium by BBM — 1 644 

ILB activity (T/O* 
100 10 1 0.1 mcg/mi 

BBM— 1644 10.4 10^ 6.0 1.2 

Neocarzlnostatin . 28.6 20.4 10.8 0.7 

• significant activity: T/C of >3.0 

The antitumor activity of BBM— 1 644 was determined in mice (BDF, strain) against lymphotic 
1 0 leulce^Sa ?S?8 Each m^^ was inoculated Intraperitoneally with 3 x 1 0* cells of the tumor. Graded 
^° doSrf the an ibSc were administered to mice intraperttonealiy 24 houis after tumor imptentatoon 
Th^re^rneS were given once a day on days 1 , 4 and 7 (q3d x 3 schedule) or 9 conseojtf^ days (qd 
l-fg «hoS Neocarzlnostatin was comparatively tested as a reference antitumor agent and *e 
n^te are summarized in Table 8. BBM-1644 was highly active againstthe mouse leukemia in a dwe 
iR ™rfSo3TTo3kg/daybybothtreatment8.Theantltumw 1& 
^ ^ «me" 55 li'acS) olr 3 times more potent (q3d x 3 schedule) than that of neocarzlnostatin In ^ 
terms of minimum effective dose. 

TABLE 8 

Antit umor actMty against ieuitemla P388 

T/C(96)lnMST» 
Dose In mg/kg/day, ip. q3d x 3 
1 0.3 0.1 0.03 0.01 



BBM— 1644 



188 188 138 125 113 



NeoMRlnostatin 163 150 125 113 

T/C (96) in MST 
Dose in mg/kfl/dav. Ip, qd 1 H-9 
0.3 0.1 0.03 0.01 

BBM-1644 125 175 138 113 

Neocarzlnostatin 163 138 125 113 

• median survival time; significant activity: T/C of 11 25% 

Anthumor activity of BBM— 1 644 was also Indicated by a second test against P388 leukemia In 
20 mice.^Srute53cfare'shownbelow^^ 20 
been described in Cancer Chemother. Rep. 3: 1—87 (Part 3). 1 972. 
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TABLE 9 

Effect f BBM — 1 644 on P388 Leukemia 



Material 



Treatment 
Schedule 



f^nea IP 

mg/kg/lnj 


Days 


Effect 
%T/C 


AWC 
d.6 


Day 5(30) 


1.6 


8.0 


89 


-4.8 


6/6 


0.8 


10.5 


117 


-4.3 


6/6 


0.4 


15.5 


172 


-3.2 


6/6 


0.2 


15.0 


167 


-2.5 


6/6 


0.1 


13.5 


150 


-1.2 


6/6 


0.05 


12.0 


133 


-1.7 


6/6 


2.56 


9.0 


.100 


— 


4/6 


1.28 


14.0 


156 


-4.1 


6/6 


0.64 


14.5 


161 


-4.9 


6/6 


0.32 


16.6 


183 


-4.8 


6/6 


0.16 


14.0 


156 


-4.1 


m 


0.08 


12X> 


133 


-2.8 


6/6 


0.04 


10.5 


117 


-2.7 


6/6 


0.02 


11.0 


122 


-2.5 


e/6 


1.28 


23.5 


261 


-3.3- 


6/6 


0.64 


19.0 


211 


-3.5 


6/6 


0.32 


18.5 


206 


-4.3 


6/6 


0.16 


14.5 


161 


-3.8 


6/6 


0.08 


12.0 


133 


-3.3 


6/6 


0.04 


12.0 


133 


-2.9 


6/6 


0.02 


10.0 


111 


-2.5 


6/6 


0.01 


10.0 


111 


-1.9 


6/6 


0.64 


8.0 


89 


-5.2 


6/6 


0.32 


10.0 


111 


-4.2 


6/6 


0.16 


. 19.0 


211 


-A3 


6/6 


0.08 


18.0 


200 


-4.2 


6/6 


0.04 


15.5 


172 


-3.5 


6/6 


0.02 


. 13.0 


144 


-3.3 


6/6 



Neocarzinostatin 



D.1,4&7 



BBM— 1644 



D.l 



D.l,4&7 



QDW9 
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TABLE 9 continu d 



Materia! 


Treatment 
Schedule 


D seJP 
mg/kg/inj 


MST 
Days 


MST 
%T/C 


AWC 
gm 
d.g 


Survivors 






0.01 


12.0 


133 


— Z.Z 


6/6 






0.005 


11.0 


122 


-1.1 


6/6 


Control 


10' 


Saline 


8.0 






10/10 




!©• 


Saline 


9.0 




-0.3 


20^20 




105 


Saline 


11.0 






10^10 




10* 


Saline 


14.0 






10/10 



Tumor inoculum 

Host 

Tox 

Evaluation 

Effect 
Criteria 



1 0* ascites cells, ip (plus titration) 

CDF, 9 mice. 

<4/6 mice alive on Day 5. 

MST = median survival time 

% T/C " (MST treate<VMST control) x 1 00. 

% T%C 2; 1 25 considered significant antitumor activity. 
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IS 



The acute toacity of BBiVI— 1 644 was detennined In mice (dd Y strain) by single Intraperitoneal 
•'"'tTe^t^^iSrB^M'ir^'^^^^^ activity againstgram^-sltive and 

add-fast bacteria and is thus useful in the therapeutic treatment of mammate and other an«'"a>8 
SSaSdSSs caused by such bacteria. Additionally, it may be utilized for other conventional 
aDoncatlons of antibacterial agents such as disinfecting medical and dental equipment 

^nd^J^io^^^^ In lysogenic bacteria and the mariced r^'^^j^r.^SSnt''^;!! oK 
PSSS IeStemia in mice InScate that BBM-1644 Is also therapeutically useful in InhlbW^^ 

"'?!,rD'Sem'l^vTntlon, therefore, provides a method for therapeutically treatirtg an animal host 
affectSbjSriS^norbyamalignanttumor^^^^^^ 

e^cdve antibacterial or tumor-Inhibiting dose of BBM-1 644 or a pharmaceutical composition 

***"taanoti»er aspect tiie present Invention provides a pharmaceutical 
an effS^SnStibaSwIal or Simor-lnhlblting amount of BBM-1 644 In combination witii an Inert 
SaVmaSutlcally acceptable carrier or diluent These composWons may be made up in any 
nhnrmaeaiitical form appropriate for parenteral administration. . . . ,i 

^ pTpSm^^cSSng to tiie Invention for parentemi admlnUrtretion Include .rteje aq^^ 
20 non^qSS80lutions,su8S8nsionsoremulslon8.Theym8yai80beman^^ 

wIid?omSS^Wo^ which can be dissolved in sterile watiir, physiological saline or some otiwr sterile 
.njectj.tem«.u^^^^^ 

J«Sdi«! to SeoScular composition fbmiulated, ti« mode of application and ti» particular situs, tot 
25 Tnd ^SSK^ffi^iJSKat modify ti« action of tine dmg will be taken Into aojourt by itoe 
syiSJti^«t^J«Site.Se.b«^ 

Se^tSS ^ndS^Sti^e host, drug c^Wnations. reaction sensitivities and ^^verrty of tiie^eaae. 
AdSSo?Sn be carried out continuously or periodically wtthln tiie maximum W.te'Jted ^osa^ . 
SSmtS?«tion rates for a given set of conditions can be ascertained by tiiose sMIIed In ti,e art using 
conventional dosage determination tests In view of tiie above guldeHnes. ^^^^ ^ umlt tiie 

The Stowing examples are provided for illustrative purposes only and are not "^nded to fimlt tiie 
scoped tSKntion. DE^E Cellulose is a dletiiylaminoethyi Ion ^ ' tpPH^^^ Is a 

^0 is a filtration gel manufactured by Pharniada Rne Chemicals, Ina DE^ESEP^^^^ 
S^amin etiiyl anion exchange gel manufactured by Pharmada Fine Chemicals, Inc. SEPHADEX is 
a trademaric of Pharmada Fine Chemicals, Inc. 
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EXAMPLE 1 . 

"^■^CSJ^mSi^fi welJestablished growth ^Actlnomadur. sp. H710-49 was used to Inoculate 

seed i^diSm |1(S ml in a 50 ml ErienmyerflasiO containing 1% mannltol, 2%^'''^*%'",? M-C fa?72 
^rtTpH being adjusted t 7.2 bef resterilizati n. The seed culture was Incubat dat32-Cfor72 



40 
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hours on a rotary shaker (250 rpm) and 5 ml of the culture was transf rred to the s cond seed medium 
{100 ml) c mposedofthe same composition as the first se d medium. It was cultivated und rthesame 
condition as that used for the first seed culture. Five ml f the inoculum growth thus prepared was 
empi y d to start f rmentation in 500-ml Erienmy rflasks which contained 100 ml of fermentation 
g medium having composition of 2.5% mannitot, 0.5% glucose, 1 % soybean meal, 0.5% peptone, 1 % 5 
meat extract, 0.3% CaCOs and 0.2% NaCl. Fermentation was carried out at 28^C on a rotary shaker 
with 250 rpm rotation. The antibiotic production was monitored by the paper disc-agar diffusion assay 
using Bacillus subtlfis M45 (Rec'' mutant) as the test organism. The antibiotic activity in the culture 
broth gradually increased with the progress of fermentation and reached about 300 mcg/ml after 6^7 
10 days. 1Q 

EXAMPLE 2 

The harvested broth (1 8 liters) obtained from the Example 1 fermentation was separated to 
mycelial cake and broth supernatant by using a sharpless centrifuge apparatus (Kokusan No. 4A). The 
filtrate was concentrated below 40°C to one-tenth the original volume and the concentrate was 

1 5 dialyzed by cellophane tubing (Union Carbide) against tap water in a cold room. The inside-retained 1 5^ 
solution was concentrated to about 1 .5 liters which was centrifuged (8,000 G) to remove insoluble 
materials. The clear supernatant was saturated with ammonium sulfate and allowed to stand for 5 
hours at 5°C. The precipitate formed was collected by centrifugatlon, dissolved in water (300 ml) and 
desalted by dialysis against.tap water. The dialyzed solution (700 ml) contained 22 grams of crude solid 

20 of BBM — 1 644 as revealed by lyophilization of a part of the solution. The rest of the solution was used 20 
for subsequent purification without concentration in order to avoid decomposition. The antibiotic 
solution was passed through a column of DEAE-cellulose (CP, 400 ml) and the column was washed with 
water (1 liter) and developed with 1/1 5M phosphate buffer (pH 7.0) containing 03M sodium chloride. 
The active fractions were combined (300 ml), dialyzed for 1 8 hours against tap water and 

25 chromatographed on a column of DEAE-cellulose (400 ml) which had been equilibrated with 1/1 5M 25 
phosphate buffer (pH 7.5). The column was developed with the same buffer solution containing an 
increasing amount of sodium chloride (0~0.2M). The active eluate was desalted by dialysis and charged 
on a column of DEAE-Sephadex A — 50 (17 ml). The column was developed with 1/1 5M phosphate 
buffer (pH 7.5) containing a gradient concentration of sodium chloride (O'^.SM). The active fractions as 

30 determined by B. subtll/s M45 assay were pooled and dialyzed against mnning water for 1 8 hours. The 30 
desalted solution was chromatographed on a column of DEAE-Sephadex A — 50 (1 8 ml) using a 1/1 5M 
phosphate buffer (pH 7.0) — NaCI (0--0.3M) system as an eluant The appropriate fractions were 
collected, concentrated to 1 0 ml and applied on a column of Sephadex G — 50 for desalting. The column 
was eiuted by deionized water and the active eluate lyophilized to afford 1 20 mg of wMte powder. The 

35 sampleof BBM— 1644 thus obtained was homogeneous as revealed by polyacrylamlde gel 35 
electrophoresis. 

In the appendant claims, the expression "antibiotic BBM — 1 644" means the protein antibiotic 
which has a molecular weight of about 22000 (as determined by gel filtration chromatography) and 
which is obtainable by fermentation dfAciinomadura sp. H7 1 0—49. whether or not so obtained. 

40 CLAIMS 40 . 

1. The antibiotic BBM — 1 644 as hereinbefore defined. 

2, The antibiotic BBM — 1 644 which: 

(a) is effective in inhibiting the growth of gram-positive and acid-fast bacteria; ^ 

(b) is effective in inhibiting the growth of P3B8 leukemia, in mice; 

45 ' (c) induces prophage in lysogenic bacteria; 45 

(d) is soluble In water but practically insoluble in methanol, ethanol, acetone, ethyl acetate and n- 
hexane; 

(e) exhibits an Infrared absorption spectrum (KBr) substantially as shown in FIG. 1 ; 

(f) exhibits uttraviolet absorption spectra In water, 0.01 N HCI and 0.01 N NaOH substantially as 

50 shown in FIG. 2; 50 

(g) has an optional rotation of [a]^ -75.6<» in 0.25% aqueous solution; 

(h) has no definite melting point but gradually decomposes above about 240**C; 

(1) moves about 8.7 cm toward the anode during paper electrophoresis at 4500 V. for 1 hour using 
0.05M barbital buffer of pH 8.6; 
55 (1) has tiie following elemental analysis: C, 46.60%; H, 6.45%; N, 1 3.34%; S, 0.20% and 0 (by 55 
difference). 33.41%; 

(k) is a high molecular weight peptide for which a molecular weight of about 22,000 is indicated; 

(1) decoloriz s potassium p rmanganate solution and gh^es positive Folin-Lowry, xanthoproteln, 
biuret and nlnhydrin reactions and negative enthrone and Sakaguchl reactions; and 
60 (m) gives by hydrolysis th following relative amino acid composition based on the c ntent of 60 
leucine being art)ttrarlly assigned as 1 .0: alanine (8.8), aspartlc acid (6.0), half-cystlne (1 .0), glutamic 
acid (5.7), glydne (8.7), Isoleucine (2.3), leucine (1.0), phenylalanine (1.4), proline (4.1). serine (1.6), 
threonine (7.2), tyr sine (0.6) and valine (11.1). 
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3. The process for the production of the antibiotic, BBM— 1 644, which compris s cultivating a 
BBM— 1644-producing strain ofiAcf/nomadi/rasp. in an ague us nutrient mediunn containing 
assimilable sources f carbon and nitrogen under submerged aerobic conditions until a substantial 
amount of BBM — 1 644 Is produced by said organism In said culture medium. 
5 4. The process according to Claim 2 wherein the BBM— 1 644 is recovered f r m the culture 5 

"^^^^TVhe process according to Claim 2 or Claim 3 wherein the BBM— 1 644-producing organism has 
the identifying characteristics of Actinomadura sp. H7 1 0—49 (ATCC 39 1 44). 

6 A biologically pure culture of the microorganism Actinomadura sp. ATCC 39 1 44, said curture 
10 being capable of producing the antibiotic BBM— 1 644 in a recoverable quantity upon cultivation in an 10. 
aqueous nutrient medium containing assimilable sources of nitrogen and cartjon. ^ _ . , 

7. The antibiotic BBM— 1 644 for use in the treatment of an animal host affected by a bactenal 

"^°^8. The antibiotic BBM— 1 644 for use In the treatment of an animal host affected by a malignant 
IB tumor sensitive to BBM— 1644. *^ddm leAAs^ 

9. A pharmaceutical composition comprising an effective antibactenal amount of BBM — 1 in 



20 



combination with a pharmaceutical carrier or diluent. 

10, A pharmaceutical composition comprising an effective tumornnhlblting amount or 
BBM— 1644 In combination with a pharmaceutical carrier or diluent 

1 1 . A process for the production of the antibiotic BBM— 1 644 substantially as hereinbefore 20 



described with reference to the Examples. 
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Abstract 



A polypeptide antitumor antibiotic designated herein as BBM- 1644 is produced by fermentation of Actinomadura sp, strain 
H710-49 (ATCC 39144). BBM-1644 inhibits gram-positive and acid-fast bacteria, induces prophage in lysogenic bacteria and 
inhibits the growth of tumors such as P388 leukemia in mice. 
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